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Introduction
The color Doppler twinkling artifact manifests as 
a rapidly changing mixture of red and blue colors
behind a strongly reflecting structure [1]. The rough-
ness of the reflecting surface is directly related to
the intensity of the twinkling artifact [2]. Kamaya
et al reported that the appearance of the twinkling
artifact was highly dependent on machine settings
such as pulse repetition frequency, color-write pri-
ority, and grayscale gain, and is probably generated
by a narrow-band, intrinsic machine noise, called
phase (or clock) jitter [3].
This artifact has been described behind calcifi-
cations and calculi in various tissues including
prostate, testis, kidney, bladder, liver, gallbladder,
breast [1], ureter [4], orbit [5], encrusted indwelling
ureteral stents [6], and calcified pancreatitis [7].
Additionally, twinkling artifacts in gallbladder ade-
nomyomatosis [8] and intrauterine fetal demise [9]
have also been reported, although the presenta-
tion or absence of associated calcifications was not
well established in the two original reports.
Twinkling Artifact In Vitro
Conventional Doppler evaluations determine the
velocity of the flow based on a frequency shift in the
transmitted signal due to the motion of the target.
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Therefore, underlying motion may potentially influ-
ence the appearance of the Doppler signal, includ-
ing the twinkling artifact. To evaluate the evidence
and the characteristics of the twinkling artifact, 
in vitro observations without the interference of
motion artifacts or vascular flows were performed
before further clinical examination [1,3,4]. The color
Doppler twinkling artifact, manifests as a rapidly
changing mixture of red and blue colors behind a
strongly reflecting structure, was first described by
Rahmouni et al [1] (Fig. 1). The color change is not
in any identifiable order [1].
The physical nature of the reflecting surface
plays the most important role in the formation of
the twinkling artifact. Rahmouni et al [1] proposed
that the artifact is generated by rough surfaces
with multiple reflectors splitting the incident beam
into a complex beam pattern. This was thought 
to create an increased pulse duration of the re-
ceived radiofrequency signal, that is then inter-
preted as movement [1]. The roughness of the
reflecting surface is directly related to the strength
of the twinkling artifact, as noted in our previous
report on a quantitative analysis of the artifact 
with water sandpapers [2] (Fig. 2). In addition, the
angle between the ultrasound beam and the re-
flecting surface affects the intensity of the artifact
[2] (Fig. 3).
In color Doppler imaging, based on the princi-
ples of pulsed Doppler ultrasound, the twinkling
artifact occurs behind the near-field interface of the
object for a finite distance, often beyond the actual
object causing the artifact. This artifact is present
regardless of the velocity, wall filter setting, probe
frequency, focal depth, probe-to-interface distance,
or color Doppler system [1]. However, parameters
such as the depth of focal zone, color-write prior-
ity, grayscale gain, and pulse repetition frequency
have a complex influence on the twinkling artifact
[3,4,10] (Fig. 4). The influence of these parameters
supports a hypothesis that the artifact is generated
by a narrow-band, intrinsic machine noise called
phase (or clock) jitter [3] (Fig. 5). This theory sug-
gests that roughness alone is not capable of pro-
ducing this artifact [3].
The signal intensity of the twinkling artifact on
color Doppler imaging has been discussed in pre-
vious reports. The first classification was made by
Rahmouni et al [1] who classified the artifact into
three grades: absence of twinkling=0, weak twin-
kling=1+, and strong twinkling=2+. Chelfouh et al
[11] also classified the signal intensity into 3 grades:
0, the twinkling artifact is absent; 1, the artifact
occupies a portion of acoustic shadowing; 2, the
artifact occupies the entire acoustic shadowing.
Furthermore, Kamaya et al [3] calculated the total
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Fig. 1. In vitro study of the twinkling artifact can prevent the interference of motion artifacts or misinterpretation of vascular flows.
(A) Color Doppler image of urolithiasis in a water bath with a fixed probe and a red-and-blue color map shows mixed red and blue
colors behind the urolithiasis. (B) Photograph shows the irregular surface of the urolithiasis.
number of color pixels in a quantitative analysis of
the twinkling artifact. In our experience, each of
the 3-grade methods suitably describes the signal
intensity of the artifact in most clinical situations,
and the calculation of color pixels is the most
accurate method of measurement and is useful for
quantitative analysis [2,3].
The twinkling artifact can be observed on color,
power, and spectral Doppler images [1,4]. In our
experience, the twinkling signals in power Doppler
images can be identical to vascular flow and the
interpretation of the artifact in power Doppler
mode alone may be inappropriate. On the other
hand, if the artifact is recognized in power Doppler
images it can be theoretically calculated without
the interference of the vascular flow.
Spectral Doppler analysis of the twinkling arti-
fact does not yield a flow spectrum, but shows serial
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Fig. 2. The roughness of the reflecting surface is directly related to the intensity of the twinkling artifact as demonstrated from a
quantitative analysis using water sandpapers. (A) Photograph of the water sandpaper used, an extra fine silicon carbide sandpaper.
The number 320 (arrows) refers to the size of the grit (CAMI standard), representing the average particle size of 0.00140 inch or
36 micron. (B) Close-up of the water sandpapers. Six different grit sandpapers were lined up from coarse to fine (left to right); the
grit sizes range from 180 (78.0 microns), 240 (58.5 microns), 320 (36.0 microns), 600 (25.75 microns), 800 (21.8 microns),
to 1,200 (15.3 microns). (C) Color Doppler images of water sandpapers in a water bath as showed in B. Twinkling artifacts were
identified more strongly behind sandpapers with greater surface roughness than those with lesser surface roughness. (D) Illustration
of the relationship between the particle size of sandpapers (roughness of the reflecting surface) and the strength of the twinkling
artifact. The number of color pixels behind each sandpaper has a positive linear relationship with the roughness of the reflecting 
surface (r = 0.92). (Adapted and reprinted, with permission, from reference 2.)
vertical bands with saturated amplitudes [1,3–5].
This band-like spectrum is considered a specific
pattern of the twinkling artifact and is used to
identify the twinkling artifact in vivo. The spectrum
should not be confused with the aliasing artifact.
Twinkling Artifact in Urolithiasis
In clinical practice, the twinkling artifact may
improve the detection and analysis of urolithiasis.
The color Doppler twinkling artifact is usually
located at the site where one finds or expects an
acoustic shadow (Fig. 6). In a prospective study, Lee
et al [4] reported that twinkling artifact appeared in
80% of cases of renal stone and 88% of cases of
ureteral stones. Furthermore, they found one of the
renal stones with the twinkling artifact was lucent on
unenhanced radiography and exhibited indiscrete
posterior shadowing on grayscale ultrasound.
To differentiate the twinkling artifact from nor-
mal flow signals of the renal arteries or veins, one
may use a probe with a high color velocity scale
setting. The twinkling artifact tends to persist when
the color velocity scale is increased, but blood flow
signals tend to disappear [1] (Fig. 7). Spectral
Doppler may be used to confirm the twinkling arti-
fact. The spectrum is composed of close vertical
bands with saturated amplitudes as described in
the earlier section of this article (Fig. 8).
In an analysis of the urolithiasis, Chelfouh et al
[11] found an in vitro relationship between the pres-
ence of the twinkling artifacts and the morphology of
stones. Stones with rough surfaces produced more
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Fig. 3. The relationship between the Doppler angle and the intensity of the twinkling artifact is illustrated in vitro. (A) The sand-
paper is scanned in a water bath with a fixed probe. Here, if the ultrasound beam (arrows) is positioned perpendicularly to the
sandpaper (arrowheads), the Doppler angle is defined as 0° (left panel). If the ultrasound beam deviates from 90°, the Doppler
angle is defined as q (middle panel, 25°; right panel, 60°). (B) Representative graph illustrates the relationship between the
Doppler angle and the intensity of twinkling artifact using 78.0 micron sandpaper (number 180). The total number (raw data) of
color pixels in each column is corrected with cosine q. Thus, the result of raw data × cosine q indicates the twinkling artifact signal
intensity per area. Each point stands for 5 different experiments. Note the Doppler angle would obviously affect the intensity of the
artifact only in the steeper angles. (Adapted and reprinted, with permission, from reference 2.)
twinkling artifacts than those with smooth surfaces.
In correlating the chemical composition of the
stones with the appearance of the twinkling artifacts
it has been found that stones made of calcium
oxalate dihydrate produce the twinkling artifact,
whereas those composed predominantly of cal-
cium oxalate monohydrate typically do not. Based
on these results, the presence of the twinkling arti-
fact on color Doppler imaging may help predict-
ing the efficacy of fragmentation of stones before
extracorporeal shock wave lithotripsy. Pure mono-
hydrate calculi are extremely dense and resistant,
whereas pure or predominantly calcium oxalate
dihydrate stones are much more fragile and conse-
quently are good candidates for extracorporeal
shock wave lithotripsy.
Trillaud et al [6] reported two cases of the identi-
fication of encrusted indwelling ureteral stents using
the twinkling artifact. In one case, an early encrusted
stent which was difficult to diagnose on unenhanced
radiography was easily identified from the twinkling
artifact. Thus, it appears that the twinkling artifact
may play an important role in the diagnosis of
encrustation of ureteral stents.
Other Clinical Uses of the Twinkling
Artifact
In addition to it use in diagnosing urolithiasis, the
twinkling artifact has been reported useful in other
clinical situations. Ustymowicz et al [5] reported the
presence of the artifact in the orbit. In one patient, a
metallic foreign body was present just behind the
bulb. In another, there was a calcification within
an irregular mass of phthisis bulbi. And in a third
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Fig. 4. A complex relationship between color-write priority, grayscale gain, and the appearance of the twinkling artifact is showed
in vitro. Six different grit sandpapers are lined from coarse to fine (left to right); the sequence goes from 180, 240, 320, 600, 
800 to 1,200 (same as Figure 2). Twinkling artifact is identified more strongly behind sandpaper with greater surface roughness
(e.g., 180) than that with less surface roughness (e.g., 1,200). The intensity of the twinkling artifact is inversely related to the
grayscale gain (the signal intensity is stronger in column 1 than columns 2 and 3) for any different settings of color-write priority,
although this effect is less obvious in situations of high priority settings (e.g., row 1). (Adapted and reprinted, with permission, 
from reference 10.) Note that the result is different from the study by Kamaya et al [3].
patient, a hyperechoic drusen in the periphery of
the intraocular melanoma was noted. Twinkling
artifacts have also been reported in gallbladder ade-
nomyomatosis [8] and intrauterine fetal demise
[9], although the presence or absence of an associ-
ated calcification was not well established in the
reports. Furthermore, Ozkur et al [9] observed that
the intensity of the artifact was correlated with time
elapsed since intrauterine death. They explained this
phenomenon by the fact that the calcification and
roughness of the fetal surface increases in a time-
dependent manner.
The twinkling artifact has also been reported use-
ful in the detection of calcified pancreatitis, as de-
scribed in our previous report [7]. The presence of
parenchymal calcifications is one of the features of
chronic pancreatitis. However, these calcifications
may be very subtle in grayscale ultrasound when
they are small and do not have posterior acoustic
shadowing. Because of the heterogeneous texture
of pancreatic parenchyma in some patients, detec-
tion of these tiny calcifications can be more difficult
with grayscale ultrasound alone, as our previous
cases illustrate (Fig. 9).
In addition to diagnostic imaging, the twinkling
artifact is useful in sonographically guided needle
puncture (Fig. 10). Gorguner et al [12] was the first
to describe the improvement of needle tip visualiza-
tion using the color Doppler twinkling artifact. In
their study, the needle tip was observed in 81.3%
cases on color Doppler images, but in only 18.8% of
cases on grayscale images. Additionally, the pump
maneuver, an atraumatic method to produce a
grayscale sonographic artifact at the needle tip also
seemed to enhance the color Doppler twinkling
artifact [12,13]. 
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A B
C Fig. 5. The color Doppler twinkling artifact is probably generated
by a narrow-band, intrinsic machine noise. (A) Color Doppler
image of urolithiasis (same as Figure 1) in vitro obtained with a
color gain setting of 25% shows the twinkling artifact as mixed
red and blue colors behind the urolithiasis. (B) The twinkling
artifact is more obvious when the color gain is increased into
45%. (C) The twinkling artifact is blended into saturated back-
ground color noises when the color gain is intentionally increased
into 65%. The signals of the twinkling artifact are identical to
that of background color noises in this setting.
Conclusion
The color Doppler twinkling artifact is highly asso-
ciated with rough reflecting surfaces and highly
dependent on machine settings. The presence of a
color signal close to calcifications should always be
interpreted with caution. The presence of the twin-
kling artifact must not be mistaken for an abnormal
vascular lesion. Furthermore, the twinkling artifact
improves the detection of calcifications and calculi
in various tissues in clinical practice and needle 
tip visualization in sonographically guided needle
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Fig. 6. The use of the twinkling artifact in clinical practice may be the improved detec-
tion and analysis of urolithiasis. (A) Grayscale ultrasound reveals a hyperechoic stone
with posterior shadowing (arrow in left panel) in one of the upper calyxes of the kidney.
Color Doppler ultrasound shows the twinkling artifact located at the site where one finds
an acoustic shadow (right panel). (B) In another case, the hyperechoic renal stone
(arrow in left panel) without obvious posterior shadowing is hard to separate from the
echoic renal sinus itself using grayscale ultrasound. The situation of the case presents a
diagnostic problem. Fortunately, color Doppler ultrasound shows the twinkling artifact
clearly (right panel). The diagnosis of urolithiasis is confirmed by plain film radiography
(arrow in C). (D) The residual tiny stone after extracorporeal shock-wave lithotripsy
(ESWL) is difficult to detect by grayscale ultrasound (left panel) but is easy by color
Doppler ultrasound because of the twinkling artifact (right panel). Plain film radiogra-
phy of the same case shows multiple small fragments of the renal stone (arrows in E).
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Fig. 7. The high color velocity scale setting may help to differ-
entiate the twinkling artifact from normal vascular flow signals
in clinical practice. The normal renal arterial or venous flow
signals (arrows in left panel) contaminate the image obtained
with a color velocity setting of 20 cm/s. The twinkling artifact
(arrow in right panel) can be enhanced by increasing the color
velocity to 70 cm/s. Note that most flow signals disappear in
the right panel compared to the left panel.
Fig. 8. Spectral Doppler is useful to confirm the diagnosis of
the twinkling artifact. In the case of a bladder stone, multiple
vertical white bands with saturated amplitudes are typical of
the twinkling artifact.
A B
C Fig. 9. The twinkling artifact is useful in the detection of calci-
fied pancreatitis. (A) Oblique transverse abdominal ultrasound
revealed heterogeneous hyperechoic pancreatic parenchyma. Mul-
tiple tiny intraparenchymal hyperechoic foci with small posterior
reverberations (arrows) were also noted (arrowhead, superior
mesenteric artery). (B) Color Doppler ultrasound revealed obvi-
ous twinkling artifacts behind each hyperechoic focus (arrows).
(C) Multiple parenchymal punctate calcifications (arrows) within
the atrophic pancreas on the non-enhanced abdominal computed
tomography (CT image). (Adapted and reprinted, with permis-
sion, from reference 7.)
puncture. Understanding of the complex machine
settings may result in better clinical application of
the artifact.
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